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WATER-DISPERSIBLE GRANULAR AGRICULTURAL COMPOSITIONS MADE 

BY HEAT EXTRUSION 
BACKGOUND OP THE INVENTION 
The present invention pertains to rapidly disintegrating waier-dispersible granular 
5 compositions comprising active ingredients of value in agriculture. 

Watcr-dispcxsiblc granular compositions are becoming increasingly popular in 
agriculture. Accordingly, it is advantageous to discover improved co m positions and 
methods of production. Most granulation methods in current use, generally referred to 
herein as wet granulation, requite introduction of water for granulation and then a drying 
10 step to remove the water. The drying step is expensive, time-consuming and may create 
dust, and it would be advantageous if granulation could be accomplished without water. 

The granular agricultural compositions are most commonly applied by diluting an 
effective dose with water in a mix tank and spraying the locus to be treated An 
important feature of the granules is the rate at which they will disintegrate in the spray 
IS water to form tjbe final dispersion or solution. Faster disintegration rates are preferred 
World Patent WO 92/15197 discloses waxer-dispersible granular compositions of 
agricultural active ingredients which were made by heat extrusion. Granulation is 
accomplished by die fusion of heat-sensitive components; no water is added and no 
drying step is required A limitation of the granular compositions of this art though is 
20 that they require incorporation of effervescence in order to disintegrate in water as 
rapidly as granular compositions made by wet granulation. The problem with 
effervescent ingredients is that they aze very sensitive to moisture and tend to react 
prematurely during manufacture and storage. Extra precautions in handling must be 
taken, and shelf-life may be limited 
25 The present invention is an improvement in the prior art by the selection of 

ingredients which yield noneffervescent granular compositions made by heat extrusion 
having superior disintegration rate and improved shelf-life. 

SUMMARY OFTHE INVENTION 
The invention is a rapidly disintegrating water dispersible granular composition for 
30 agricultural applications. The composition comprises by weight based on the total 
weight of the composition: 

(a) 0.01*80% of one or more agriculturally active ingredient 

(b) 0-60% of abase 

(c) 5-95% of urea 

35 (d) 1-30% of one or more urea modifier, and 

(e) optionally one or mote additives selected from the group consisting of 
wetting agents, dispersants, lubricants, anti-caking agents, chemical stabilizers and inert 
diluents, 
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the sum of all ingredients totaling 1 00%. 

Preferably die active ingredient is 0.03-70%, the urea is 7-75% and die urea 
modifier is 3-15%. 

More preferably the active ingredient is 1 0-65% and the urea is 10-65%. 
5 Another embodiment of die invention is a process for preparing a rapidly 

disinteg ra ti ng water dis posable granular agricultural composition comp rising 

(a) extruding a dry premix through adic or a screen at elevated temperatures, 
preferably below 1 1 5°C, said premix comprising the composition described above, and 

(b) cutting, breaking, or sieving die extruded strands to form granules. 
10 The active ingredient is at least one pesticide or a chemical used for crop 

protection. Especially advantageous compositions comprise a mixture of two active 
ingredients. More specifically, ingredients are selec t ed from the class of herbicides, 
fungicides, bactericides, insecticides, insert antffiwfantg araricM** mMcides 
nematocides, and plant growth regulants. 

15 The addition of base is preferred when the composition comprises an acidic active 

ingredient that becomes water soluble as a salt Examples of acidic actives of this sort 
are glyphosate, 2,4-D and the sulfonylurea class of herbicides. Levels of base include up 
to a 2:1 mole ratio of a base to salt-forming active ingredient, preferably a mole ratio 
range from 0.4:1 to 1.6:1, and most preferred a mole ratio range from 0.8:1 to 1.2:1. In 

20 any case, the amount of base will generally not exceed 60% of the composition. Suitable 
bases include but axe not limited to alkali metal and alkaline earth metal oxides, 
hydroxides, phosphates, hydrogen phosphates, silicates, benzoates and borates. The 
phosphates are prefer re d. 

We term die species of (d) above "urea modifier" because in combination with die 

25 urea in (c) there is formed a novel extrusion aid which allows extrusion to take place at 
te m per a tures much below the melting point of pure urea (132°C). Extrusion 
temperatures are preferably below 115°C 

ftfiTAF *P P**rPTPTFtt* OF THE INVENTION 
In recent years form ulation s based on water-dispersible granules have become 

3 0 increasingly popular because they offer several advantages over other types of 
agricultural formulations. They are more stable during storage and transport than 
aqueous suspension concentrates which can settle. They are convenient to handle and 
measure and are relatively dust-free in comparison to wettable powders. And they avoid 
the toxicity, environmental and odor problems associated with solvent-based 

35 formulations such as emulsion concentrates and organic suspension concentrates. 

To make water-dispersible granules useful for application they are usually diluted 
in a mix tank containing water to make a solution or dispersion which can be sprayed. 
The dispersed particles should be no larger than 5Q\L in their largest dimension to avoid 
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nozzle pluggage or premature settling which results in uneven application of the 
pesticide. It is therefore necessary that the granular composition rapidly and completely 
disintegrates in the dilution water. We refer to all granular compositions of the present 
invention as water-dfcperaible even though they maybe totally water-soluble when 
5 diluted. 

Conventional wet granulation methods for preparing water-dispersible granule 
compositions involve (1) water-^pra 

(2) spray-drying, (3) extrusion of a water-wet paste, and (4) dry compaction. Granules 
prepared by fluid-bed, spray-drying or pan granulation use water in the granulation step 

10 which must be removed later, however, such granules will generally disintegrate rapidly 
when diluted in water, Diy compaction of noneffervescent compositions and paste 
extrusion generally do not produce rapidly disintegrating granules, and paste extrusion 
also requires a drying step. 

The present invention comprises noneffervescent water-dispersible granular 

15 compositions and a process of extrading dry premixes of these compositions through a 
die or screen at devated temperature and ch^ 
material to form granular compositions that disintegrate rapidly in water. 

In the process of this invention, the components of the composition are combined 
to form apremk which may be Wended to obtam a homogeneous mixt^ Thepremix 

20 may be also milled to reduce the average particle size, or alternatively, milling of 
components m ay be done separately prior to incorporation into die premix. 

The premix is fed ox metered to an extruder which has been heated by conventional 
means such as electrical resistance or steam. Suitable extruders include single and twin- 
screw models, and roll-type extrusion presses (ndial extruders). Twin-screw extruder* 

25 arc preferred In some types of extrusion equipment, for example, a California Pellet 
Mill, the heat can be generated firomfiiction. Other means of heating the premix include 
preheating the premix before extrusion, or heating the individual components of the 
premix before blending. It may be desirable to separately feed some individual 
, components to the extruder rather man incorporate them in the premix. 

30 The extruder is heated and maintained at an appropriate temperature profile for a 

particular composition. Typically there are several heating zones along an extruder 
barrel which will be set at different temperatures, ranging from about 20°C at the feed 
throat up to 130°C at the zone of maximum temperature, preferably to a maximum of 
115°C The appropriate temperature profile along the barrel will vary with the 

35 composition, and can be determined readily by one skilled in the art High temperatures 
which can cause decomposition of the active ingredient and the urea should be avoided. 

The heated premix is extruded through a die or screen. Compositions which give 
even melt flow through the die holes are preferred. The dig holes range in diameter from 
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0.25 mm to 7 mm, preferably from 0 J mm to 3 mm. Depending on the composition and 
the type of extruder used, the extruded material might be recycled until the strands are 
uniform in texture. Generally the extruded material is allowed to cool to harden and 
reduce tack, although this may not be necessary. Co mpositi ons which harden quickly 
5 without tack are preferred since they may be more easily cut into granules- The extruded 
strands are chopped, sieved or rolled and then screened to give granules. Id some cases 
the strands may be sufficiently brittle to break on their own into short lengths. 

The compositions of this invention comprise: (a) one or more agricultural active 
ingredient; (b) urea; (c) one or more urea modifier in water-soluble form selected from 
10 the group organosulfonate salts and alcohol ethoxylates; and, (d) optionally, one or more 
other additives. 

Agricultural active ingredients include herbicides, fungicides, bacteriacMes, 
insecticides, insect antifcedants, acanddes, midcides, nem autocides, and plant growth 
rcgulants. The active ingredient may be water-soluble or water-insoluble and should be 

IS chemically stable in the extrusion temperature range. It is preferred that the melting 
point of the active ingredient is above the extrusion te mp erat ur e; lower melting active 
ingredients may be used but they may require a carrier. Examples of suitable active 
ingredients include the following: Herbicides such as aciffnorfcn, ^sfllffn, atraztne, 
bensulfuron methyl, bentazon, bromacil, bromoxynil, hydroxybcnzonhrile, chloramben, 

20 chlorimuron ethyl, chloroxuron, chtarsulfuron, chlortnluron, cyanazme, dazomet, 
desmediphan, cficamba, dichlotbenil, dichlorprop, di phenam i d , diprop e tryn , diuron, 
thiameturon, ftnac, fenuron, fiuometoron, fl nririo ne, f om esafcn, glyphosate, hexazinone, 
imazamethabenz, imazaquin, rniarettiapyr, ioxynil, isoproturon, isouron, isaxaben, 
karbutilate, Ifnaril, MCPA, MCPB, mefenacet, meftuidide, methabenzthiauron, 

25 methazole, metribuzxn, metsulfuron methyl, monuron, naptalam, neburon, nitralin, 
norfiurazon, oryzahn, pcrfluidonc, phcimiedipham, pidoram, proxnetryn, pronamide, 
prop anil, piopazine, pyrazon, nmsulfuron, siduron, sirnazine, sulfometuron methyl, 
tebuthinron, terbafil, terbuthylazme, terbutryn, thifensulfuron methyl, txiclopyr, 2,4-D, 
2,4-DB, triasulfuron, tnbenuron methyl, triflusulfuron, pnm isulfnron, pyrazosulfuron 

30 ethyl, nicosulfuron, etharnetsulfurun methyl, 2-[2,4-dichlon>-5-[(2-propynyl)oxy]phenyl- 
~ 5,6,7,8-tetrahydro-l A4-«iazoIo-[^ methyl 2^(4,6- 

dimethoxy-2i>yrimidinyl)ami^ 

pyridinecarboxylate sodium salt, N-[(4 f 6-dmethoxypyrimi^ 
memyi^2-methyl-2H-tetrazd-5^ and N-[(4,6- 

3 5 dimcthoxypyrimidin-2-yl)animocarbonyl]^ 

sulfonamide; fungicides such as carbendazun, thhiram, dodine, chloroneb, ^yptan^ folpet, 
thiophanatemethyl, thiabendazole, chlorothalonil, dichloran, captafol, iprodume, 
vindozolin, ka s ugam ycin, triadxmenol, flutriafbl, flnsilazol, hexacooazole, and fcaarimo l; 
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bactericides such as oxytetracycline difaydxate; acaricides such as hexathizox, 
ofcythioquinox, dienochlor, and cyhexatin; and insecticides such as carbofuran, carbaryl, 
thiodicarb, deltamethrin, and tetracMorvinphos. Active ingredient also include the salts 
of the active ingredients. 
5 When the active ingredient is substantially water-insoluble, a) it must have a 

melting or softening point above die extrusion temperature, orb) it must be supported by 
a carrier with a melting or softening point above the extrusion temperature. Otherwise 
the active ingredient will smear and disperse poody when the final product is diluted in a 
spray tank. 

10 Preferred c ombi nations of active ingredients include metsulfaron methyl with one 

or more of die following: chlorimuron ethyl; bensulfuron methyl; propanO; MGPA; 
2,4-D; glyphosate; triasulfuroxt Further preferxed combing 
methyl with one or more of the following: propanH; mefcnacet; N*»[(4 9 6» 
dimethoxypyrimidi^ 

15 pyrazd^ulfbnamide; N-K4,6Kiimetbaxypy^^ 

methyl-2H-tetiazol-5-yl>^ Most preferred are metsulfuron 

methyl and bensulfuron methyL 

In a preferred embodiment of the present invention, the active ingredient and any 
optional additives are water-soluble thus making the final granular composition 

20 water-soluble. Water-soluble granular compositions are advantageous because the 
premix does not generally require a separate milling step thus saving time and expense. 
Also, granular compositions which are completely or mostly water-soluble tend to 
disintegrate more rapidly than granular compositions which contain higher amounts of 
water-insoluble components. 

25 Another preferred embodiment of the present invention is the inclusion of base in 

die composition when a poorly water-soluble active ingredient wffl become more 
water-soluble in die presence of said base. Examples of active ingredients which will 
become more soluble in the presence of ba$e include glyphosate, 2,4-D, bromoxaafl and 
.the sulfonylurea class of herbicides. Especially preferred are the sulfonylurea herbicides 

30 which is meant to include the entire class of herbicides containipg the following and any 
closely related chemical functionalities: 
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Suitable bases include bat axe not limited to alkali metals and alkaline earth metals of the 
following: oxides, hydroxides, phosphates, hydrogen phosphates, silicates, benzoates and 
borates. The phosphates arc preferred and the di and tribasic sodium and potassium 
phosphates are most preferred. Useful levels of base include up to a 2:1 mole ratio 

5 relative to acidic active ingredient Ammonium and alkali metal carbonate and 

bicarbonate species are less preferred because of the potential for gas evolution (NH, and 
CO2) during extrusion at elevated temperatures. 

The compositions of the present invention contain a novel extrusion aid which is a 
combination of urea and urea-modifier. The materials used as urea modifiers are weO 

10 known to function as wetting and dispersing agents in agricultural formulations. We 
have found surprisingly that their combination with urea provides a novel extrusion aid 
which allows the extrusion process of the present invention to proceed at temperatures 
much lower than the melting point of urea alone (132°C). Molten urea itself is not a 
useful extrusion aid, and extrusion at temperatures approaching the melting point of urea 

IS is not preferred. 

Urea-modifiers include die following organosulfonate salts: (a) benzene sulfonates 
and alkyl-substituted benzene sulfonates; (b) alkyl a-olefm sulfonates; (c) naphthalene 
sulfonates and alkyl-substituted naphthalene sulfonates; and (e) condensates of (c) with 
formaldehyde . More specifically, alkyl-substituted benzene sulfonates includes mono-, 

20 di- and tri-substituted derivatives where alkyl is Cj to C20 for mono-substitution and Cj 
to G$ for di- and tri-subsrimrion; alkyl o-defin sulfonates includes alkyl of C\q to C%fi 
and, alkyl-substituted naphthalene sulfonates includes mono-, di- and tri-substituted 
derivatives where alkyl is C x to C$. The associated cations may be any agricultural 
suitable cation rendering the organosulfonate water-soluble; preferred are sodium and 

25 ammonium* Preferred organosulfonate urea-modifiers are sodium and ammonium alkyl 
napht halene solfoo stes, sodium and anMPoninm alkyl naphthalene sulfonate foi maldehyde 
condensates, and mixtures of the foregoing. 

We speculate that under heat and pressure a entectic mixture forms between urea 
and die organosulfonate urea-modifiers. The softening point of the entec tic is lower than 

30 that of any of the components. Eutectic formation was not found to be dependent on 
* residual moisture levels. 

Urea-modifiers also include alcohol ethoxylates derived from C$ to C20 linear 
alcohols ethoxylated with 3 to 20 moles of ethylene oxide. The preferred HLB range is 8 
to 17. Most preferred are linear alcohol ethoxylates containing an average of 8 to 14 

35 alcohol carbon atoms and 3 to 10 ethylene oxide units. Commercial linear alcohol 
ethoxylates contain a certain percentage of branched species. Preferably the per cent 
linear species is greater than 85% and more preferably greater than 90%. The source of 
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alcohol ethoxylates with the highest percent linear content known to us at this time is the 

Alfonic® series from Vista Chemical 

We speculate that the alcohol ethoxyl ate urea-modifiers (liquids or soft pastes at 

room temperature) fbxm a clathrate complex with urea, The complex can be formed by 
5 (1) spraying, blending and shearing the alcohol ethoxylate (heated if necessary) into 

pulverized urea in a separate step, or (2) spraying, blending and shearing the alcohol 

ethoxylate (healed if necessary) directly into the mea-containing pranix . A suitable 

blender for such a procedure would be a Litfleford mixer. The clathrate not only 

functions as an extrusion aid, it also appears to improve uniformity of flow through the 
10 dk and enhance the rate at which the cxm 

strand cutting at the die face. In a preferred embodiment compositions contain both 

organosulfbnate and linear alcohol ethoxylate urea-modifiers. 

The advantage of the urea-based extrusion aid of the present invention over the 

thermoplastic polymers such as pdyethoxylated dinony Iphenol used in prior art is that 
IS die present extrusion aid is more rapidly soluble in water, thus providing final granular 

compositions which disintegrate rapidly in water without the need for effervesence or 

other disintegration ai ds * 

The compositions of this invention may optionally include additives such as wetting 

agents and dispersants other than those used as urea modifiers, lubricants, anti-cakmg 
20 agents, chemical stabilizers and diluents. One skilled in the art would understand the 

purpose and selection of these additives, 

Wetting agents include but are not limited to alkyl sulf ©succinates, t nw T? f ^?. alkyl 

sulfate and phosphate esters, acetylenic diols, ethoxyfluorinated alcohols, ethoxylated 

silicones and alkyl phenol ethoxyiates, as well as the organic sulfonates and alcohol 
25 cthoxylates used as urea modifiers. If additional wetting agent is needed, useful levels 

include up to about 5% by weight. 

Dispersants include but are not limited to sodium, calcium and ammonium salts of 

ligninsulfonates (optionally polyethoxyiated); sodium and ammonium salts of maleic 

anhydride copolymers and sodium salts of condensed phenolsulfonic acid as well as the 
30 napthalene suifbnate-fbrmaldehyde condensates used as urea modifiers. If additional 

dispersant is needed, useful levels include up to about 10% by weight 

Lubricants include but are not limited to polyvinylpyrrolidone, polyviny lalcohol and 

polyethylene oxide. They have a median molecular weight greater than 50,000, a melt 

flow temperature of at least 98°C, and do not behave as surfactants. Polyethylene oxide 
35 is preferred If lubricant is needed, levels up to about 3% by weight may be included in 

the composition. Higher levels are less desirable because they tend to slow the 

disintegration rate of die granule. 
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Anticaking agents to prevent clomping of grannies stored under hot warehouse 
conditions include but are not limited to sodium and ammonium phosphates, sodium 
acetate, sodium metas&cate, magnesium, zinc and calcium sulfates, magnesium 
hydroxide, (all optionally as hydrates), anhydrous calcium chloride, molecular sieves, 

5 sodium alkylsulfosuccinatcs, calcium and barium oxides. If anticaking agent is needed, 
useful levels include up to about 10% by weight 

Chemical stabilizers to prevent decomposition of active ingredient during storage 
include but are not limited to sulfates of alkaline earths and transition metals such as 
magnesium, zinc, aluminum and iron; lithium, sodium and potassium phosphates; caldam 

10 chloride and oxide; and, bone anhydride. If chemical stabilizer is needed, useful levels 
include up to about 10% by weight 

Diluents may be water-soluble or water-insoluble . The water-soluble diluents may 
be salts, surfactants or carbohydrates whidi dissolve rapidly in water, non-limiting 
examples include sulfates of sodium, potassium, magnesium and zinc, sodium and 

15 potassium chloride, sorbitol, sodium benzoate, lactose, and alkali metal and alkali earth 
phosphates. Water-insoluble diluents include but are not limited to days, synthetic and 
diatomaceous silicas, calcium and magnesium silicates, titanium dioxide, aluminum, 
calcium and zinc oxide, calcium and magnesium carbonate, sodium, potassium, calcium 
and barium sulfate, and charcoal Water-soluble effluents are preferred. If diluent is 

20 needed, levels up to about 60% by weight may be included 

Advantages of die noneffervescent heat-extruded granular co mp o si tions of Ac 
present invention include (1) rapid disintegration in water, (2) good resistance to caking, 
(3 ) uniform size and bulk density, (4) good attrition resistance, (5) a simple method of 
production which is nonaqueous and requires no drying step, and (6) good proces sa bHrty 

25 and shelf life due to die lack of effervescent components. 

The rate of granule disintegration is measured in a glass tube assembly measuring 
30.5 cm in length with a40 mm inside diameter. The glass tube is cut in the center to 
produce two 15.25 cm halves. One end of each half is sealed. The other end is left open 
and ground flat A groove is cut into the open end of both halves to accomodate a Viton 

30 "O* ring with an outer diameter of 6 an. The bottom half of the assembly is filled with 
- 90 mL of deionized water and 0.5 g of granules are placed on a semi-circular 20 mesh 
screen positioned over the open end of die lower tube. (Alternatively, the granules may 
be added directly to the water in the lower tube). The M 0" ring is placed in the groove 
on the open end of the lower halt The grooved end of the upper half is then positioned 
3 5 over the m O" ring and the assembly is clamped together water-tight, using a glass pipe 
damp. The sealed assembly is attached in die center to a "Roto-Torque" heavy duty 
rotator (Cole-Parmer Instrument Co.). It is then rotated end-over-end at 6 rpm until the 
sample has completely disintegrated in the water. The time from the start of rotation (or 
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addition of die sample dixecdy to the water) to completion of the disintegration is 
recorded Disintegration times of less than 1 50 seconds axe preferred, more preferably 
less than 120 seconds. For disintegration in cold water (e.g. 40°C) longer times, up to 5 
minutes, axe acceptable. 
5 The caking resistance is determined by the following procedure. A stainless steel 

disc (0.9 mm thick x 51 mm diameter) is fit flush with the bottom of a glass cylinder 
(75 mm long with a 46.5 mm inside diameter and 5 1 mm outside diameter) and held in 
place with tape; the sample of granular composition (20 g) is delivered to the cylinder 
assembly, resting on the bottom disc; the sample is leveled, and a second stainless steel 

10 disc (0.9 mm thick x 44 J mm diameter) is placed on the top of the granules. A400g 
weight (45 mm diameter or less) is placed on top of the upper disc and the entire 
assembly is placed in an oven at 54°C and left undisturbed for 1 week . Then, the 
assembly is removed from the oven, the weight is removed, and die sample is allowed to 
cool to room temperature. Hie bottom disc is then detached from the cyclinder with a 

15 minimum amount of agititation to the sample; if the sample flows freely out of the 
cylinder, the resistance to caking is deemed excellent; if the sample remains in the 
cylinder, the cake is removed, placed onto a flat surf ace and a penetrometer is used with 
a single-edged razor to measure die minimum force necessary to cleave the cake. 
Compositions with cakes requiring a force of less than 1 00 g are acceptable; preferably 

20 less than 5 g force is required. Most preferred is a composition which is free flowing 
after the test period 

The bulk density of a granular composition will affect the rate of dispersion, with 
higher bulk densities yielding slower disintegration times for & given composition. The 
"untapped* bulk density is measured in a 50 cc or 100 cc graduated cyclinder. 
25 The attrition as determined by die method in U.S. 3,920,442 (CoL 8, lines 5-48). 

The test is modified to use test samples of the commercial grannie size (cg M 
74-2,000 Attrition values of less than 40% are acceptable; values less than 30% are 



The following examples are presented to illustrate, but not to restrict, this 
30 invention. 

Identity of Ingredients Used in Examples 
Name Identity 
Lomar® PW Sodium naphthalene sulfonate formaldehyde 

(Henkel Corp) condensate (now known as Emery 5353) 

35 Morwet® EFW Mixture of sodium alkyl naphthalene sulfonates and 

(Witco Corp) alkyl carboxylate 

Alkanol® XC Sodium alkyl naphthalene sulfonate 

(DuPont Co.) 
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Siponatc® DS-10 Sodium dodecyl benzene sulfonate 

(Rhone-Poulenc Co) 

Siponate® 301-10F Sodium alkyl alpha-defin sulfonate 

(Rhone-Poulenc Co) 
5 Tamol® SN Sodium naphthalene sulfonate formaldehyde 

(Rohm and Haas Co) condensate 
Polyox® WSR N-750 Polyethylene oxide 
(Union Caibide Corp) 

Alfonic® 1412-60 Linear alcohol ethaxylate 

10 (Vista Chemical Co) CH 3 (CH2) 3C CH2(OCH2CH2)n OH . whcre x =10-12; n = 7 

avg. 

EXAMPLE! 

This example illustrates a fast-dispersing extrudable composition containing a 
naphthalene sulfonate condensate and alkyl napthalene sulfonate as urea modifiers. The 

IS composition contains a base, dibasic potassium phosphate, at approximately a 1:1 mole 
ratio to the acidic active, metsulfuron methyl. 

A 500 gpremix was formulated from die ingredients listed below. The ingredients 
were blended and then passed through a MikroPulverizer hammer mill. The milled 
premix was slowly added to a 1 inch Wayne single screw extruder with a 24:1 L/D band 

20 using a screw with a 3:1 compression ratio. The extruder had three electrical heating 
zones along die band plus a band heater for the die. A mechanical or electronic pressure 
indicator was fitted near die end of die barrel to measure hydraulic pressures close to the 
die. A temperature probe was also located near the end of the band to measure the 
temperature of the melt just before die die. 

25 The premix was extruded through a die containing eight 0.9 mm diameter holes 

arranged in a circular partem. The extruded product was allowed to cool for a fow 
minutes then it was chopped up in a small food processor and screened to obtain die 14 
to 20 UJS. sieve cut size. 
PREMIX FORMULATION M 

30 Metsulfuron methyl technical 22.0 
Lomar® PW 5.0 
Morwet® EFW 3.0 
K2HPO4 10.0 
Urea 60.0 

35 smusroy coromows 

Extrusion temperature ranges (°C) 

zone 1 (feed zone) 31-32 
zone 2 55-59 



WO 95/08265 



PCT/US94/09632 



11 



10 



zone 3 87-88 

die 90-92 

Hydraulic pressure range (10* Pa) 1 .4*10*7 

Mdt temperature (°C) 99-101 

PROPERTIES OP GRANULES: 

Average disintegration time (seconds) 

Caking (g force) 

Bulk Density (g/cc) 

Hicse examples illustrate the effect of adding yn ?Tl amounts of h i g h molecular 
weight polyethylene oxide as a lubricant to the formulation. 300gof each premix was 
prepared and extruded using the procedure described in Example 1. 



24, grannies dissolved 
none, free flow 
0.45 



IS ^MetsuMgion methyl technical 
VLomar®PW 
MbcsetfcEFW 
K 2 HP0 4 

PoIyox®WSR-N750 

20 Urea 

EXTRUSION CONDITIONS 

Extrusion Temp Ranges (°Q: 
Zone 1 
Zone 2 
25 Zone 3 
Die 

Hydraulic Pressure Range (10 6 Pa) 
Melt Temperature (°Q 
PROPERTIES QE QRAIBJLES: 
30 Average disintegration time (seconds) 
Caking (g force) 



Ex.2 
Wt% 
2X0 
3.0 
3.0 
10.0 
0.5 
59.5 



30-33 

56-59 

85-86 

90-91 

1.6-183 

99-100 



Bulk density (g/cc) 



39 
none 
freeflow 
0.50 



Ex.3 
Wt% 
2X0 
5.0 
3.0 
10.0 
1.0 
59.0 



30-34 

55-58 

82-84 

85-88 

4.7-31.2 

99-100 

52 
none 
freeflow 
0.46 



35 



The strands extruded in Examples 2 and 3 were smoother than those of Example 1, 
with breakup times increasing with increasing polyethylene oxid e co ntent The grannies 
of both examples dissolved completely. 



WO 95/08265 



/ 



PCT/US94/09632 



12 



10 
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20 
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35 



EXAMPLE 4 

This example illustrates the use of a different alkyl napthalene sulfonate, 
Alkanol® XC. The procedure of Example 2 was followed. 



C FORMULATION 
MetsuXforon methyl technical 
Lomar«^PW 
Alkanpi® XC 
K 2 HP0 4 
Una 



Extrusion temperature ranges (°C)« 
zone 1 (feed zone) 
2 
3 



Hydraulic pressure range (10 6 Pa) 
Melt temperature (°C) 
PROPERTIES OP GRANULES: 
Average disiniegtanon time (seconds) 
Caking (g force) 
Bulk Density (g/cc) 



ma 

22.0 
5.0 
3.0 
10.0 
60.0 



28-30 

52-58 

85-87 

89-91 

4.6-17.8 

99-101 



33, grannies dissolved 
none, free flow 
0.51 



EXAMfLB 5 

This example illustrates a lower level of alkyl napthalene sulfonate. The procedure 
of Example 1 was used except the premix was milled differently. The premix was 
pre p ar ed using hammenmUcd technic a l and granulated area. ISO g of premix was milled 
in 5 x S second bursts in a Tekmar model A20 blender-type mUL 



30 .Alkanol? 



1TO1K FORMULATION 
Metsolfuiou methyl technical 
Lomar® PW 
XC 
K 2 HP0 4 
Urea 

EXTRUSION CONDITIONS 
Extrusion temperature ranges (°C): 

zone 1 (feed zone) 

zone 2 

zone 3 

die 



22.0 
5.0 
1.0 

10.0 
62.0 



30 

55-57 
87-89 
89-91 
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Hydraulic pressure range (10* Pa) 10.0-50.4 

Mdt temperature (°C) 99-101 
PROPERTIES QF qRANUUS: 

Average disintegration time (sec o n d s) 46, grannies dissolved 

5 Bulk Density (g/cc) 0.56 

EXAMPLE 6 

This example illustrates the use of a different napthalene sulfonate condensate, 
Tamol® SN. The procedure of Example 2 was followed. 

PREMDC FORMULATION ffiJl 

10 Metsulfuron methyl technical 22.0 

Tamol® SN 5.0 

Alkanol® XC 3.0 

K 2 HP0 4 10.0 

Urea 60.0 
15 EXTRUSION CONDITIONS 

Extension temperature ranges (°C)i 

zone 1 (feed zone) 29-30 

zone 2 57-58 

zone 3 83-86 

20 die 89-91 

Hydraulic pressure range (10* Pa) 1 .8-1 1 .6 

Melt temperature (°Q 98-99 

Average breakup time (sec) 21 v grannies dissolved 

25 Caking (g force) none, free flow 

Bulk Density (g/cc) 030 

EXAMPLE 7 

This example illustrates a composition containing a linear alcohol ethoxylate 
preblended with a portion of die urea in a ratio of 1 part Alfonic® 1412-60 to 4 parts 
30 urea. The premix was prepared as described for Example 5. 

:fprmulaton 



/Metsulfuron methyl technical 22.0 

\Lomar® PW 5.0 

i:4Alfonic® 1412-60/ureapreblend 15.0 

35 Alkanol® XC 3.0 

K 2 HP0 4 10.0 

Urea 45.0 
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10 



J5 



20 



25 



30 



EXTRIK 
Extrusion temperature ranges (°C): 

zone 1 (feed zone) 

zone 2 

zone 3 

die 

Hydraulic pressure range (10^ Pa) 
Melt temperature (°C) 
PROPERTIES O P GRANULES: 
Average disintegration tnne (sec on ds) 
Caking (g force) 
Bulk Density (g/cc) 



31-32 
55-58 

83- 84 

84- 86 
3.9-26.3 
96-98 

39, granules dissolved 
< 19, partial cake only 
0.61 
EXAMPLE 8 

This example illustrates a composition containing an alkyl benzene sulfonate, 
Siponare® DS-10, as a secondary urea modifier. The prernix was prepared as 
described for Example 5. 



EBEMPS FQRMA7LATIQF 
Mctsulfuron methyl technical 
Lomar®FW 
Alkanol®XC . 
K 2 HP0 4 

Siponate® DS-10 
Urea 



Extrusion temperature xinges (°C)i 
zone 1 (feed zone) 
zone 2 



35 



die 

Hydraulic pressure range (10* Pa) 
Melt temperature (°C) 
PROPERTIES QP ffft A^™ ffr 
Average disintegration time (seconds) 
Caking (g force) 
Bulk Density (g/cc) 



Wt% 

22.0 
5.0 
3.0 

10.0 
2.0 

58.0 



29-30 

56-59 

87-88 

90-91 

3.9-15.9 

100-101 



39, granules dissolved 
none, free flow 
0.45 
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EXAMPLE 9 

This example illustrates a composition containing an alkyl alpha-olcfin sulfonate, 
Siponate® 301-10P, as a secondary urea modifier. The premix was prepared as 
described for Example 5. 



22.0 
5.0 
3.0 

10.0 
2.0 

58.0 



28-29 

53 

87 

91-92 

2.4-123 

100-102 



5 PRKMIXFORMIJLATTON 
Metsulfuron methyl technical 
Lomar® PW 
Aflcanol® XC 
K 2 HP0 4 
10 Siponate® 301-10P 
Urea 

EXTRUSION CONPmQNS 
Extrusion temperature ranges (°C): 

zone 1 (feed zone) 
15 zone 2 

zone 3 

die 

Hydraulic pressure range (10 s Pa) 
Melt temperature (°C) 

20 PROPERTIES OFfrRANUTflfr 

Average disintegration time (se con ds) 

Caking (g force) 

(1 week/54 c C) 

Bulk Density (g/cc) 
25 EXAMPLE 10 

This example illustrates a composition containing basic components comprised of 

dibasic potassium phosphate and calchnn oxide. The total base-to-active mole ratio is 

2:1. Premix was prepared by die procedure of Example 5. 

PREMIX FORMULATION Wt% 

30 Metsulfuron methyl technical 22.0 

Lomar® PW 5.0 

Morwet® EFW 3.0 

K 2 HP0 4 10.0 

Polyox® WSR-N750 0.5 

35 Calcium oxide 3.0 

Urea 56.5 



24, granules dissolved 
<19, partial cake only 

0.48 
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10 



IS 



20 



25 



30 



35 



Extrusion temp ci atmc ranges (°Q: 
zone 1 (feed zone) 
zone 2 
zone 3 
die 

Hydraulic pressure range (10 6 Pa) 
Melt temperature (°Q 
PROPERTIES OP GRANULES; 
Average disintegration tune (seconds) 
die sample stuck to the 
Caking (g force) 
Bulk Density (g/cc) 



28-29 

55-58 

85-86 

88-91 

0.41-6.5 

100-101 

57, for 3/4 of me sample. About 1/4 of 
glass walls of the apparatus 
none, free flow 
0.53 



EXAMPLE 11 

This example illustrates a composition containing potassium chl oride as a 
water-soluble diluent. The premix was prepared by the procedure of Example 5. 



: FORMULATION 
Metsulforon methyl ^frnrnl 
Lomar® PW 

l:4A]fbnic® 1412-60/urea prcblend 

K 2 HP0 4 

KQ 

Urea 

Cabosfl® 

Extrusion te mp er at u r e ranges (°C): 
zone 1 (feed zone) 
zone 2 
zone 3 



Hydraulic pressure range (10* Pa) 
Melt temperature (°C) 
PROPERTIES OFGRANT^ftS; 
Average disintegration time (seconds) 
Caking (gms force) 
Bulk Density (g/ec) 



22.0 

5.0 
25.0 
10.0 
19.0 
18.5 

0.5 

32-34 
55-57 
86 

89-92 

2.3-17.2 

99-101 



52, granules dissolved 
< 19, partial cake only 
0.62 
EXAMPLE 12 

This example illustrates a composition containing potassium sulfate as a water 
soluble diluent The premix was prepared by the procedure of Example 5. 
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PREMTX FORMULATION Wt% 

Metsalfuron methyl technical 22.0 

Lomar® PW 5.0 

l:4Alfonic® 1412-60/ureapreblend 25.0 

5 K 2 HP0 4 10.0 

K2S0 4 19.0 

Uiea 18.5 

Cabosil® 0.5 
Extrusion temperature ranges (°C): 

10 zone 1 (feed zone) 33-35 

zone 2 55-56 

zone 3 85-87 

die 89-91 

Hydraulic pressure range (10 6 Pa) 23-9*5 

15 Melt temperature (°C) 100 
PROPERTIES OF GRANULES; 

Average disintegration tsne (seconds) 55, granules dissolved 

Caking (g force) 63, partial cake only 

Bulk Density (g/cc) 0.64 

20 EXAMPLE 13 

This example illustrates a composition containing 52% metsalfuron methyl 
technical. Hie base, dipotassram phosphate, is at a 1:1 mole ratio with the active. 

PREMTXPQRMULATTQN ffiL& 

Metsulfuron methyl technical 52.0 

25 Lomar* PW 5.0 

Morwet® EFW 3.0 

l:4Alfonic® 1412-60/breapreblend 17.1 

K 2 HP0 4 22.9 



30 Extrusion temperature ranges (°C): 

zone 1 (feed zone) 32 

zone 2 55 

zone 3 85 

die 92-97 

35 Hydraulic pressure range (10 6 Pa) 2.2-3 1.6 

Melt temperature (°Q 106-1 1 1 
PROPERTIES OP GRANULES: 

Average disintegration time (seconds) 115, grannies dissolved 
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Caking (g force) 150, partial cake only 

Bulk Density (g/cc) 0.61 

This example illustrates thifensulfurun methyl as active ingredient with >1 molar 
5 ratio of K3PO4 as base. 

PRBMK FORMULATION m& 

Thifensulfhron methyl technical 52.0 

Lomar® PW 5.0 

l:4Alfbnic® 1412-60/oreaprehlend 25.0 

10 K3PO4 18.0 



Extrusion temperature ranges (°C): 

zone 1 (feed zone) 71 

zone 2 87 

15 zone 3 104 

die 95 

Hydraulic pressure range (10 6 Pa) 6.2 

Melt temperature (°Q 100 
PROPERTIES OP GRANULES: 

20 Average disintegration time (seconds) 90 

Caking (g force) - 

Bulk Density (g/cc) - 

EXAMPLE 15 

This example iDnstrates tribamion methyl as active ingredient with 
25 I^PO^CaO as base. CaO also improves chemical stability of active ingredient. 

FREMIX FORMULATION 2KL2fe 

Tribennron methyl technical 52.0 
Lomar® PW 5.0 

l:4Alfonic® 1412-60/ureapreblend 25.0 
30 K3P0 4 3.5 
CaO 7.5 
Urea 7.0 
EXTRUSION CONDITIONS 
Extrusion temperature ranges (°Q: 

35 zone 1 (feed zone) — 

zone 2 — 

zone 3 - 
die 
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Hydraulic pressure range (10 6 Pa). 2.0 
Melt temperature (°C) 76 
PROPERTIES OP GRANULES: 

Average disintegration time (seconds) 72 
5 Caking (g force) _ 
Bulk Density (g/cc) - 

EXAMPLES 

This example illustrates glyphosate as active ingredient in combination with 
raetsulfuron methyL 



10 


PREMTX FORMULATION 








36.0 




. Metsulfuron methyl technical 


1.0 




Lomar® PW 


5.0 




l:4Alfonic® 1412-60/ureapieblend 


25.0 


15 


K 2 HP0 4 


1.0 




CaO 


5.0 




Extrusion temperature ranges (°C): 






zone 1 (feed zone) 






zone 2 






zone 3 






die 






Hydraulic pressure range (10 s Pa) 


4.7 




Melt temperature ( °Q 


87 




PROPERTIES OF GRANULES: 




25 


Average disintegration time (seconds) 


72 




Caking (g force) 






Bulk Density (g/cc) 






EXAMPLE IT 






This example illustrates hexazinone as active ingredient Shows 


30 


formulation without use of base. 


Wt% 
52.0 




EBJMX FORMULATION 




Hexazinone technical 




Lomar® PW 


5.0 




l:4Atfbmc® 1412-60/nreapreblend 


25.0 


35 


Urea 

EXTRUSION CONDITIONS 
Extrusion temperature ranges (°C): 


18.0 




zone 1 (feed zone) 


45 
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zone 2 64 

zone 3 79 

die 80 

Hydraulic pressure range (10* Pa) 6.1 

S Melt temperature (°C) 80 

PROPERTIES QP GRANULES: 

Average disintegration time (seconds) 62 

Caking (g force) — 

Bulk Density (g/cc) - 

10 EXAMELElfi 

Hiis example illustrates Diuron as active ingre dien t. Demonstrates rapid 
dispersion without base. 
PRHMTX FORMULATION 

Karon technical 62.0 
15 Lomar® PW 5.0 

l:4Alfonic® 1412-60/ureapreblend 25.0 
KO 8.0 
Extrusion temperature ranges (°C): 

zone 1 (feed zone) 57 

20 zone 2 74 

zone 3 88 

die — 

Hydraulic pressure range (10* Pa) 1.5 

Melt temperature (°C) 86 
25 PROPERTIES Q P GRANULES: 

Average disintegration time (se c onds) 60 

Caking (g force) - 

Bulk Density (g/cc) - 

EXAMPLE 19 

30 This example illustrates metsulfuron methyl extrusion where no organosulfonate 

is used -only linear alcohol ethoxyiate. 
PREMDC FORMULATION 

Metsulfuron methyl technical 22.0 

l:3Alfonic® 1412-60/ureapreblend 50.0 

35 K 2 HP0 4 10.0 

Urea 18.0 
Extrusion temperature ranges (°Q: 

zone 1 (feed zone) 72 
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rone 2 go 

zone 3 93 

die 95 

Hydraulic pressure range (10 6 Pa) 10.0 

5 Mdt temperature (°Q 97 

PROPERTIES QP QRAMULES: 

Average disintegration time (seconds) 40 

Caking (g force) M 

Bulk Density (g/cc) M 
10 EXAMPLE 20 

This example illustrates a chemically stable extrusion of 2,4-D/tribemiron methyl 
combination. 

EKEMg FORMULATION Wt% 

Tiibenuron methyl technical 2. 1 

15 2AD 52.0 

Lomar® PW 40 

l:4Alfomc® 1412-60/nreapreWend 20.0 C^% % 

^P0 4 5.0 

Urea 16 . 9 



20 



Extrusion temperature ranges (°C): 

zone 1 (feed zone) 42 

zone 2 75 

zone 3 77 

25 die 77 

Hydraulic pressure range (10* Pa) 4.7 

Melt temperature (°Q 76 

PROPERTIES OF GRANtllJRfr 

Average disintegration time (seconds) 55 

30 Caking (g force) _ 

Bulk Density (g/cc) _ 

EXAMPLE ?l 

This example illustrates a chemically stable extrusion of 2,4-D/tribenuron methyl 
combination. 

35 EBBMBE TORMUIAUPW Wt% 
Tribenuron methyl t e chnic al 2.1 

2.4D 52.0 
Lomar® PW 4.0 
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l:4AJfonic® 14 1 2-60/urea prcblcnd 

K3PO4 

KQ 



20.0 
5.0 
16.9 



EXTRUSION CONDITIONS 
5 Extrusion temperature ranges (°C)i 

zone 1 (feed zone) — 

zone 2 — 

zone 3 — 

die ■ - 

10 Hydraulic pressure range (10* Pa) 13.1 

Melt temperature (°Q 71 



This example illustrates triflusulfuxon as active ingredient Uses linear alcohol 
ethozylate as only urea modifier. Also illustrates rapid dispersion without use of a base. 



PROPERTIES OP GRANULES: 
Average disintegration time (seconds) 
Caking (g force) 



45 



15 Bulk Density (g/cc) 



EXAMPLE 22. 



PREMIX FORMULATION 
20 Triflnsnlfmon technical 



mi 

52.0 
5.0 
25.0 



Lomar® PW 

l:4Alfonic® 141 2-60/area prcblcnd 
KQ 



18.0 




25 Extrusion temperature ranges (°C): 



zone 1 (feed zone) 
zone 2 
zone 3 
die 



49 
68 
76 
79 



30 Hydraulic pressure range (10* Pa) 



~ Melt temperature (°C) 
PROPERTIES OF GRANULES: 



79 



Average disintegration time (seconds) 



Caking (g force) 



35 Bulk Density (g/cc) 
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This example illustrates 2^2,4^fichlor-5-[(2^ttopyiryl)^ 
tetrariydro4£,4-triazolo-[4^ Also same 



dispersion illustration as Example 23. 

5 FREMDC FORMULATION SL& 
2-[2,4-dichlor-5-[(2 -pf opyn y l)oxy }phenyl-5,6,7, 

8-tetrahydro- 1 ^ /^triazolo-[4 r 3-a]-pyridin-3-3(H>one 62.0 

Morwet® D425 3.0 

Morwet® EFW 8.0 

10 l:4Alfomc® 1412-60/breapwblend 15.0 

KG 10.0 

pmvsiQNCQNPrnows 

Extrusion temperature ranges (°C): 

zone 1 (feed zone) 48 

15 zone 2 77 

zone 3 87 

die 89 

Hydraulic pressure range (10 6 Pa) 4.1 

Melt temperature (°C) 86 
20 PROPERTIES OP GRANULES: 

Average disintegration time (seconds) 120 

Caking (g force) - 

Bulk Density (g/cc) — 

EXAMPLE 24 



25 This example illustrates cMorimnron etfayl^netsulfuron methyl as active ingredient 



combinatio n* 

PREMBX FORMULATION 2L5l 

Metsolfuron methyl technical 26.0 

CMorimnron ethyl technical 26.0 
30 Lomar® PW 4.0 

~l:4Alfonic® 1412-60/ureapreblcnd 20.0 

KjP0 4 15.0 
m 9.0 

EXTRUSION CONDITIONS 
35 Extrusion temperature ranges (°Q: 

zone 1 (feed zone) 93 

zone 2 94 

zone 3 93 
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die 90 

Hydraulic pressure range (10* Pa) 18-6 

Melt temperature CQ 90 
PROPERTIES QF GRANULES: 

5 Average disintegration time (seconds) 120 

Caking (g force) — 

Bulk Density (g/cc) - 

EXAMPLES 
This example illustrates triflusulfuron as active ingredient 

10 FREMDC FORMULATION Wt% 

Triflusulfuron teetotal 52.0 
Lomar® PW 4.0 

l:4AIfbnic® 1412-60/oreaprcblcnd 20.0 

Na2SK> 3 15.0 
15 Kd 9.0 
EXTRUSION CONDITIONS 
Extrusion temperature ranges (°C): 

zone 1 (feed zone) 42 

zone 2 48 

20 zone 3 66 

die 69 

Hydraulic pressure range (10* Pa) 15.2 

Melt temperature (°Q 69 
PROPERTIES OP GRANULES! 

25 Average disintegration time (seconds) 115 

Caking (g force) - 

Bulk Density (g/cc) - 

EXAMPLES 26-28 and COMPARISON EXAMPLES A-T 
30 The same procedure was used for all of following examples. In each case, 300 gm 

of formulation was weighed up and milled in a small, high speed lab mill (KA Universal 
M20) for 5 bursts of 5 seconds each. The premix was then hand-blended by rolling in a 
jar for 3 minutes. It was then added to a small Kaytron® feeder which fed die powder 
into a Prism Engineering 16 nun twin screw extruder. The extruder was equipped with a 
35 15:1 L/D ratio twin screw assembly inside a barrel with 2 heating zones. The feed throat 
of the barrel where the powder entered the extruder was water-cooled. A die with a 
single 1 .5 mm diameter diehole was fitted to the end of the barrel and was heated 
separately with a band heater. Screw speed was 100 rpm. Barrel and die set point 
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temperatures, melt pressures and melt temperatures were as indi cated below. The 
extruded strands were chopped up in a mini-food processor and sifted on a stack of 10 
and 20 meshlLS. sieves. Grannies in the - 1 0 meshZ+20 mesh size range were collected 
and used to determined the disintegration rate* These grannies are larger than those used 
5 in examples hereinbefore, consequently die disintegration times are longer. 

Comparison Example A was carried out as set forth in Example 5 of WO 92/15 197 
except that the effervescent agents, citric acid (1.0%) and sodium bicarbonate (1.5%), 
are removed the water-soluble diluent, sorbitol, is increased by 25% to make up the 
difference and the extruder was the 1 inch extruder of present Example 1. Example A is 

10 compared to Example 26, which is the formulation of Example 13 hereinbefore 
described. Comparison Example B was out as set forth in Example 5 of 
WO 92/15197 except that die 1 inch extruder of present Example 1 was used, the 
metsulfuron methyl was reduced (from 52.0 to 22.0%), die effervescent agents removed, 
substituting therefor increased water-soluble diluent which was changed from sorbitol to 

15 urea. Example B is compared to Example 27, which the formulation of Example 4 
hereinbefore described. It can be seen that the present compositions provide superior 
disintegration rate relative to non-effervescence, heat-extruded prior art compositions. 





PREMK FORMULATION 


25 


A 


22 


fi 


20 




52.0 


52.0 


22.0 


22.0 




Lomar®PWA 




7.0 




7.0 




Lomai*PW 


5.0 




5.0 






Phmjnic®F108 




8.0 




8.0 




1:4 Alfonicl412-60/urea preblend 


17.1 








25 


Morwet®EFW 


3.0 










K2HPO4 


22.9 




10.0 






Poryplasdone®XL-10 




2.0 




2.0 




ADcanol®XC 






3.0 






Urea 






60.0 


61.0 


30 


Sorbitol 




31.0 








1 AW M.iftM ?l »>• 












Extrusion temperature ranges (°C): 












Zone 1 (feed zone) 


67-74 


58-69 


67-74 


67-73 




Zone 2 


95-97 


71-96 


94-96 


96-97 


35 


Die 


97-99 


71-98 


96-99 


97-99 



Hydraulic pressure range (10* Pa) 1.0-3.4 1.4-23 1.4-1.7 24-3.4 

PROPERTIES OF CtR ANTTT ffi 

Average dismtegration time (seconds) 1' 58" 4*46" 1*48" 3*25" 
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The formulation for Comparison Example C was earned oat as set faith in 
Example! of WO 92/15197. Example C is compared to Example 28 which is the 
formulation of Example 18 hereinbefore described. Again, the superior disintegration 
5 rate of the present composition relative to the non-effervescent heat-extruded prior art 
composition is shown. 



t FORMULATION (Wt%) 28 £ 

Dioran technical 62.0 62.4 

10 Lomar®PW 3.0 10.0 

1:4 Alfbnic® 1412-60/urea preblend 25.0 
KQ 8.0 

Macol® DNP1S0 S.0 

Morwet® EFW 2.0 

15 Poryplasdone®. XL-10 2.0 

Uvea 18.6 

KXTRHSTON CONDITIONS 
Extrusion temperature ranges (°C): 

Zone 1 (feed zone) 78-88 88 

20 Zone 2. 90-95 90-91 

Die 90-95 90-91 

Hydraulic pressure range (10* Pa) 1.7-3.3 1.6-3.6 
PROPERTIES OP GRANULES 

Average disintegration rime (sec o nds) 54 200 
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EXAMPLE 29 



TWs example illustrates the use of a dome granulatox normally used for paste 
extrusion* The following premix, 200 grams, was prepared as in Example 5 of the 
30 present specification* 

Rimsulfuron 52 

K3PO4 17 

35 Emery 5353 10 

Urea 21 
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Employing a Fop Pandal Co., Ltd. dome granulator model DO-LI equipped with a 50 
mm diameter feed screw and a 1.0 mm thick dome having multiple 1.0 mm diameter 
holes, the premix, preheated to 70°C, was fed to the charge hopper and the dome, 
hopper, barrel, and screw of the extruder were preheated to about 80*C using a hot air 

5 gun. At screw speeds of 35 ipm and above, a steady state of extrusion was reached 
where external heating was eliminated and the frictional shear on the premix between the 
end wiper flight of die screw and die inside of the dome maintained the melt extrusion. 
An extrudate was obtained winch was similar to that obtained from the single- or twin- 
screw melt extruders. It was cooled and chopped as in previous examples and was 

10 found to dissolve completely in water in 57 seconds. 
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What is daimcd is: 

1. Rp p i<fly d isinteg rating water-dispcrsible granular agricultural 
compositions comprising by weight based on flic total weight of the composition 

(a) 0.01-80% of one or more active ingredient, 
5 (b) 0-60% of a base 

(c) 5-95% of urea 

(d) 1-30% of one or more urea modifiers 

(e) opti o na lly one or more additives selected from die group consisting 
of wetting agents, diapers ants, lubricants, anti-calring agents, 

10 chemical s tabilisers , and inert d flncnts, 

the sum of all ingredients totalling 100%. 

2. The composition of Claim 1 where the active ingredient is 0.03-70% , die 
urea is 7*75%, and the urea modifier is 3-15%. 

3. Ihe composition of Claim 1 where the active ingredient is 1 0-65% and 
15 the urea is 10-65%. 

4. The composition of Claim 1 wherein there is one active ingredient, a 
sulfonylurea herbicide characterized by the chemical tcnctional fty 




5, The composition of Claim 4 wherein the active ingredient is metsolfnron 

methyl 

20 6. The composition of Claim 1 wherein there are two active ingredients are 

metsulfuron methyl and bensolfuron mcthyL 

7. The composition of Oaim 1 wherein the active ingredient is 
water-solnblc, the urea modifier is sodinm salts of n apht hal e ne. 

8. The composition of Claim 3 wherein the base is 1-20%. 
25 9. The composition of Claim 5 wherein the base is 1-20%. 

10. A process for preparing a rapidly disintegrating water-dispersibie granular 
composition comprising 

(a) extruding a dry premix through a die or a screen at elevated 
temperatures, said prernix comprising the ingredients specified in 
30 Oaim t, and 

-(b) cutting, breaking or sieving the extracted strands to form grannies. 
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